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本实验在 Trager 等培养方法的基础上尝试对鼠疟——约氏疟原虫（P. yoelii）进
行体外连续培养，每天向培养基中增加新鲜的多只小鼠的混合网织红细胞、每隔
6 小时摇晃培养板、对每天的培养液离心并去除上清，每日抽取培养液 50ul 注射
昆明鼠，观察体外培养的疟原虫的感染力变化情况。本实验获得了体外 9 天的培
养，并且所培养的疟原虫都能成功感染小鼠，但原虫的毒力可能有所减弱。 
通过对小鼠提前 14 天腹腔注射 ProTα，结果表明，剂量为 1ug/只的 ProTα
能明显降低小鼠的疟原虫血症水平，提高致病小鼠的存活时间和存活率，对小鼠
产生较好的保护作用。同时，ProTα通过激活并增强小鼠机体的免疫力，进而对
PyMIF 产生作用。本实验通过 SqRT-PCR 对 PyMIF 进行相对定量的研究，发现



























Malaria is one of the most deadly infectious diseases in the world, killing 
approximately one million people each year. Malaria parasites have evolved various 
mechanisms to evade host immune response, leading to persistence infection. 
The continuous cultivation of Plasmodium falciparum  in vitro  was achieved 
successfully by Trager and Jensen in 1976. So far, the cultivation of P. falciparum is 
widely used in lots of experiments on malaria. Based on the Trager’s method, fresh 
mice reticulocytes were added into the culture medium everyday, culture plates were 
shaked every six hours and medium was centrifuged. Collected 50ul suspension from 
the parasitic culture medium every day during the cultural period and injected the 
suspension intra-peritoneally (i.p.) into mice, parasitemia were checked after the 
infection and that all tested mice became positive, these results demonstrated that P. 
yoelii parasites can be maintained in vitro for 9 days. 
Comparison the results of different doses of ProTα, it showed that intraperitoneal 
injection with ProTα of 1ug/per could significantly reduce the parasitemia level and 
increase survival rate of mice. It suggested that using ProTα could effectively protect 
mice against malaria infection. To activate and enhance the immunity of the mouse，
ProTα had impacts on PyMIF (macrophage migration inhibitory factor, MIF). Our 
results provided a new sight in escaping host immune attack and also provided a new 
clue in the research of malaria pathogenesis. 
The levels of parasitemia had significant difference between the experiment and 
control groups day2 after inoculation. The tumor diameter of mice in the experiment 
groups were dramatically smaller than control group. The work confirmed that the 
malaria parasite can not suppress tumorigenesis, but the malariotherapy caused by P. 
yoelii had mildly inhibitive effect on the growth of S180 tumor cells. 
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1.3 疟原虫与免疫系统  
疟原虫的生长和免疫反应之间的关系是很重要的，疟疾疫苗设计中必须考虑
到这个因素。在肝期中主要是细胞和体液免疫发挥着重要的作用，CD4+T、
CD8+T 和γδT 细胞发挥保护作用；在红细胞内期则是 CD4+T、γδT 细胞和 
B 细胞发挥作用。抗体介导的免疫是非常重要的，它是清除疟原虫所必须的。
保护性免疫中 Th1 型细胞因子发挥着重要作用。由 CD4+T、CD8+T、γδT 细
胞和 NK 细胞分泌的 IFN-γ在红外期和红内期都发挥着重要的作用。IFN-γ激
活体液免疫，主要参与的保护性特异抗体类型，在人体中为 IgG1 和 IgG3，小
鼠中为 IgG2a 和 IgG2b[10]。  
在疟疾感染早期，固有免疫具有很重要的作用。感染早期疟原虫的血症水平
还比较低时，树突状细胞已经被直接激活，表面分子 CD40、CD80、CD86、MHC-II 
表达上升，产生 IL-12、IFN-γ和 TNF-α，这些细胞因子又激活 NK 细胞，使
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Trager 和 Jensen (1976)取得突破[11]。该方法对疟原虫生化代谢及相关酶基因研究
[12, 13]、疟疾化学治疗药物筛选[14]、疟原虫抗药性检测[15-19] 、人类免疫机制研究
[20, 21]、抗药基因特征研究[22-26]，裂殖子、子孢子虫苗、环子孢子蛋白特异 DNA 片
断、重组疫苗等方面均产生了积极影响。至今，有关疟疾的大量实验依然需要人
工培养的疟原虫作为实验材料。 
在 Trager 和 Jensen 的启示下，对其它灵长类动物疟原虫红内期体外培养的
研究，相继也取得了一定的成功。如诺氏疟原虫（P. knowlesi），食蟹猴疟原虫（P. 
cynomolgi），[27] 及巾帽猴疟原虫（P. fragile）[28]。但间日疟原虫（P. vivax）、伯
氏疟原虫（P. berghei）、 夏氏疟原虫（P. chabaudi）、约氏疟原虫（P. yoelii）等
重要的虫株，至今其红内期体外连续培养却没有取得满意的结果。在优化培养条
件的基础上，Mons 等（1983）[28]、Janse 等（1984）[29]、McNally 等（1992）
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